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Identification of differentially expressed inflammatory factors
in Wilms' tumors and their association with patient outcomes
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Abstract. The present study aimed to identify differentially
expressed inflammatory factors observed in Wilms' tumors
(WT), and to investigate the association of these factors
with clinical stage, pathological type, lymph node metastasis
and vascular involvement of WT. Surface-enhanced laser
desorption/ionization-time of flight mass spectrometry was
performed to screen differentially expressed proteins among
WT and normal tissue pairs. Upregulated proteins in WT
were separated and purified by solid phase extraction and
Tricine SDS-PAGE, respectively. Following in-gel digestion,
the peptide mixture was subjected to liquid chromatography
mass spectrometry to identify proteins on the basis of their
amino acid sequences. Immunohistochemistry was used to
confirm the expression of differentially expressed inflamma-
tory proteins. Of the proteins that were upregulated in WT,
two proteins with mass/charge (m/z) ratio of 12,138 and 13,462
were identified as macrophage migration inhibitory factor
(MIF) and C-X-C motif ligand 7 (CXCL7) chemokine, respec-
tively. The expression of these two proteins was increased in
WT compared with adjacent normal tissues and normal renal
tissues, and increased with increasing clinical stage. In addi-
tion, their expression was significantly increased in patients
with unfavorable pathological type, lymph node metastasis
and vascular involvement compared with the groups with
favorable type, and without lymph node metastasis or vascular
involvement (P<0.05). Increased pro-inflammatory MIF
and CXCLY7 expression in WT is closely associated with the
clinical stage, pathological type, lymph node metastasis and
vascular involvement, and may represent biomarkers for the
clinical diagnosis of WT.
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Introduction

Wilms' tumor (WT) is a retroperitoneal solid tumor commonly
identified in children and the most common type of renal
malignancy in children (1). Early diagnosis of WT is dependent
on clinical symptoms and physical and imaging examina-
tions, with pathological examination being the gold standard
in WT diagnosis. Although laboratory examination cannot
offer specific biomarkers for early diagnosis in WT, certain
serum and urine indicators, including a-fetoprotein, and
catecholamine metabolites can effectively be used for differ-
ential diagnosis between hepatoblastoma and neuroblastoma.
Complete resection and chemotherapy are currently the major
therapeutic strategies for patients with WT. In addition, kidney
transplantation is an effective alternative for the treatment of
WT.

The development of mass spectrometry (MS) provides a
novel platform for the investigation of diseases. Our group has
employed proteomics to screen serum biomarkers in patients
with breast cancer, thyroid cancer and WT, which may be
useful for the early diagnosis of malignancies (2-4). In previous
years, an increasing number of studies have confirmed that
inflammatory cytokines are closely associated with onco-
genesis, particularly to the growth, invasion, metastasis and
immune escape of different types of cancer (5-8). However, the
role of inflammatory cytokines in WT remains unclear. In the
present study, proteomics was employed to identify differen-
tially expressed inflammatory cytokines in WT and the results
were confirmed using immunohistochemistry. Subsequently,
associations between the altered expression of these cytokines
with clinical stage, pathological type and other characteristics
of WT were investigated, which may provide novel therapeutic
targets for WT.

Materials and methods

Patients. A total of 40 children (mean age, 2.5+1.5 years;
median, 2.5 years; range, 0.3-5.2 years), including 23 males
and 17 females, with WT were recruited between January 2010
and December 2014. Adjacent normal tissues (1 cm away
from the tumor) were collected from 35 patients, of whom
there were 20 males and 15 females with a mean age of
2.2+1.3 years (median, 2.1 years; range, 0.3-4.5 years). Normal
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kidney tissues (5 cm away from the tumor) were collected
from an additional 25 patients, of whom there were 14 males
and 11 females with a mean age of 2.2+1.1 years (median,
2.4 years; range, 0.5-4.2 years). No patient received chemo-
therapy or radiotherapy prior to enrollment into the study, and
pathological diagnosis of WT was confirmed by more than
two pathologists.

Clinical stage and pathological type were determined
according to the criteria described by the National Wilms'
Tumor Study Group (1). Stage I WT was identified in
6 patients, stage II WT in 12, stage Il WT in 13 and stage IV
WT in 9. Favorable histology, as indicated by tissue primarily
consisting of embryonal, epithelial and stromal cells, was
noted in 33 patients, and unfavorable histology in 7 patients.
In addition, the absence of lymph node metastasis was noted
in 23 patients while 17 exhibited lymph node metastasis. Of
the 40 patients, vascular involvement was identified in 9. Fresh
tissues (20 mg) were lysed in 200 pl lysis buffer (50 mM
Tris, 150 mM NacCl, 1% sodium deoxycholate, 0.1% SDS,
1% NP-40, 1 mM phenylmethane sulfonyl fluoride), followed
by centrifugation at 10,000 x g for 20 min at 4°C. The superna-
tant was harvested and stored at -80°C. The present study was
approved by the Ethics Committee of Zhengzhou University,
and written informed consent was obtained from the patients
parents prior to entry into the study.

Reagents and instruments. Surface-enhanced laser
desorption/ionization-time of flight mass spectrometry
(SELDI-TOF-MS), weak cation exchange (WCX)-2 SELDI
protein chip and Bioprocessor equipment were purchased from
Ciphergen Biosystems, Inc., (Fremont, CA, USA). Reagents
used for SELDI-TOF-MS were obtained from Sigma-Aldrich;
Merck KGaA (Darmstadt, Germany). The Tangential flow
ultrafilter (Vivaflow 50) was purchased from Sartorius AG
(Gottingen, Germany). The solid phase extraction (SPE)
column was purchased from Sigma-Aldrich; Merck KGaA.
A vacuum centrifugal concentrator and the protein markers
(cat. no. 26628) were purchased from Thermo Fisher Scien-
tific, Inc. (Waltham, MA, USA). The trypsin detection kit was
obtained from Promega Corporation (Madison, WI, USA),
and the matrix-assisted laser desorption/ionization-TOF-MS
was from Bruker AXS GmbH (Karlsruhe, Germany). A rabbit
polyclonal antibody [human macrophage migration inhibi-
tory factor (MIF; cat. no. ab65869) and C-X-C motif ligand 7
chemokine (CXCL7; cat. no. abl69946)] and a goat anti-rabbit
horseradish peroxidase-conjugated secondary antibody (cat.
no. ab205718) were purchased from Abcam (Cambridge, UK).

Screening of inflammatory markers. Following lysis, samples
were centrifuged at 4°C for 10 min at 10,000 x g, and the super-
natant was collected and added into 96-well plates (5 pul/well),
followed by addition of U9 buffer {9M urea, 2% 3-[(3-chol-
amidopropyl) dimethylammonio]-1-propanesulfonate, 50 mM
Tris-HCI, 1% dithiotheritol (DTT), pH 9.0; 10 pl/well}. The
plates were incubated at 4°C with a constant agitation for
30 min, and 185 ul NaAc (0.1 M sodium acetate, pH 4.0)
was subsequently added and vortexed for 5 min. The WCX-2
SELDI protein chip was fixed in the Bioprocessor, and NaAc
was added to each well (200 pl/well) and vortexed at room
temperature for 5 min in the rotating platform, repeat once.
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The samples were added to the protein chip (100 ul/well) and
vortexed at 4°C for 60 min. The chip was dried, and NaAc
was added (200 pl/well) and vortexed for 5 min. This was
repeated three times. Following two washes with 200 ul deion-
ized water to each well, 1 ul of saturated SPA solution [SPA,
50% acetonitrile (ACN), 0.5% trifluoroacetic acid (TFA)] was
added to each well, and the chip was air-dried. Finally, the chip
was placed in the SELDI-TOF-MS machine for the detection
of the protein peaks.

Identification of inflammatory cytokines. For sample
processing, 1 ml protein sample was mixed with 5 ml of
deionized water. The peristaltic pumps and tangential flow
ultrafilter were connected, and the inlet and outlet tubes were
subsequently placed in the protein sample to form a loop. The
collection tube was placed in a centrifuge tube, and the filtrate
was collected without proteins >30 kDa. The filtrate was stored
at -80°C and freeze-dried. The dry powder was dissolved in
deionized water to a final volume of 250 ul.

The proteins were next separated with a SPE column.
In brief, 250 pl samples were mixed with 500 u1 U9 buffer,
followed by incubation at 4°C for 30 min with constant agita-
tion, then 250 ul sample buffer was added (2% TFA and
20% ACN). Subsequently, 1 tube volume of activation solution
(100% ACN) was added into the tube. This step was repeated
once, then 1 tube volume of equilibration solution (0.5% TFA,
5% ACN) was added (this step was repeated twice). Following
this, 1 ml sample was added into the tube and collected, and this
step was repeated once more. Subsequently, 2 ml equilibration
solution was used to wash the tube, and this step was repeated
once. The elution buffer (250 pl) at different concentrations (30,
50,70 and 100% ACN containing 0.1% TFA) was added, which
was repeated once, and the filtrate was collected into a vacuum
centrifugal concentrator. Centrifugation was conducted at room
temperature for 4-6 h at 10,000 x g. Following centrifugation,
10 pl mixture was collected.

The target proteins were separated using 12% Tricine
SDS-PAGE (200 ug/lane) and stained with 0.25% Coomassie
Brilliant Blue. The target bands were collected into EP tubes,
and 80 ul washing buffer (50% ACN and 25 mM NH,HCO;)
was subsequently added at 37°C for 20 min with constant
agitation. Following three washes and drying at 90°C for
15 min, 20 ul digestion buffer (100 mM NH,HCO;) and 2 ul
dilute reductant (100 mM DTT and 100 mM NH,HCO,) were
added, followed by incubation at 37°C for 10 min. Subsequent
to the mixture being allowed to cool to room temperature, 2 ul
blocker solution (550 mM C,H,INO and 100 mM NH,HCO,)
was added at room temperature for 10 min, followed by 0.5 ul
dilute trypsin solution to a final concentration of trypsin at
8 ng/ul. Following centrifugation at 3,000 x g for 5 min, the
in-gel digestion continued at 37°C for 12 h. Centrifugation was
performed at 1,000 x g for 15 min, and the supernatant was
harvested.

Following digestion, the peptide mixture was subjected
to separation with nano-liquid chromatography (LC), and the
resultant mixture was added into a MALDI-TOF-MS. Subse-
quent to MS/MS, the sequences of corresponding peptides
were recognized and searched via Mascot. The corresponding
proteins were searched in the Swiss-Prot database (http:/www.
uniprot.org/).
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Figure 1. The expression of two proteins in three different tissue types obtained from patients with Wilms' tumor. Arrows denote the proteins at m/z12138 and
m/z13462, identified as macrophage migration inhibitory factor and C-X-C motif ligand 7 chemokine, respectively. The left panel indicates simulated protein
peaks, and the right panel of simulated electrophoresis reveals strong to weak expression (red to blue, respectively). TT, tumor tissue; AT, adjacent tissue; NT,

normal tissue.

Validation of inflammatory cytokines. Fresh tissues were
embedded in paraffin, 5-ym sectioned, and deparaffinized
with graded ethanol (100, 95, 85 and 75%). Antigen retrieval
was performed in citrate buffer (0.01 M Na;C,H;0,-2H,0,
pH 6.0) for 10 min. Subsequently, sections were treated
with 3% H,0, for 30 min at room temperature to block the
endogenous peroxidase and subsequently blocked with goat
serum at room temperature for 30 min. Following incuba-
tion with the anti-MIF and anti-CXCL7 primary antibodies
(1:500 dilution) at 4°C for 12 h, the sections were treated with
secondary antibodies (1:1,000 dilution) at 37°C for 30 min,
followed by three washes in PBS. Visualization was conducted
with 3,3'-diaminobenzidine for 3 min, which was stopped by
washing with flowing water. Counterstaining was performed
using hematoxylin. Following dehydration with ethanol and
transparentization with xylene, the sections were mounted in
neutral gum.

Expression levels of MIF and CXCL7 depended on the
mean density of staining. The positive rates of MIF and
CXCL7 was determined on the basis of the staining intensity
and number of positive cells. Staining intensity: No staining,
0; yellow, 1; yellow-brown, 2; and brown, 3. The number of
positive cells: <25%, 1; 225%, <50%, 2; =50%, <75%, 3; and
>=75%, 4. The product of the two scores was the final score: -,
0-3; +, 3-6; ++, 6-9; and +++, >9.

Statistical analysis. Quantitative data were compared using
two-tailed Student's t-tests with an a of 0.05 between two
groups. Kruskal-Wallis tests were employed for comparisons
of the quantitative data among groups, followed by paired
comparisons with Tamhane's T? tests (¢=0.05). Comparisons
of qualitative data among the groups were performed with
¥* tests with an a of 0.05, and paired comparisons were
performed with an a of 0.01 between two groups.

Results

Screening and identification of inflammatory cytokines. Mass
spectrometry data from WT tissues, adjacent normal tissues
and normal renal tissues were subjected to standardization
with the ZUCI-ProteinChip Data Analysis System, and corre-
sponding protein peaks were obtained using cluster analysis.
In WT tissues, five differentially strongly expressed protein
peaks were identified, including m/z12138 and m/z13462 that
were identified as being the MIF and the CXCL7 chemo-
kine. The expression of the two inflammation peaks was
significantly increased in WT tissues (1,437.8+997.3 and
1,730.4+1,147.8, respectively), compared with adjacent normal
tissues (952.6+£591.2 and 1,031.1+1,120.8, respectively) and
normal renal tissues (315.4+296.5 and 114.7+118.9, respec-
tively; all P<0.05; Fig. 1).

Although the expression of the two inflammation peaks was
not associated with age or gender (P>0.05), their expression
significantly increased with the progression of WT (P<0.001):
678.8+189.0 and 746.2+238.7, respectively in stage I WT;
664.0£202.0 and 1,180.7+404.9, respectively in stage II WT;
1,524.7+4079 and 2,160.4+1,252.3, respectively in stage IIl WT;
and 2,850.2+861.2 and 2,498.4+1,290.5, respectively in stage [V
WT (Fig. 2). In addition, the expression level of m/z12138 and
m/z13462 was significantly lower in WT patients with favor-
able histology compared with those with unfavorable histology
(1,152.3+735.5 and 1,281.0+630.6, respectively vs.2,783.9+872 .4
and 3,848.8+310.2, respectively; P<0.001; Fig. 2). Additionally,
the expression levels of the two peaks were significantly lower in
patients without lymph node metastasis compared with patients
with lymph node metastasis (869.2+474.6 and 1,110.2+433.6,
respectively vs. 2,207.1+£961.7 and 2,569.5+1,285.2, respec-
tively; P<0.01; Fig. 3). m/z12138 and m/z13462 expression was
also significantly lower in patients without vascular involvement
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Figure 2. The expression of the two proteins gradually increased with increasing clinical stage of patients with Wilms' tumor. The expression of both proteins
was stronger in the UH group compared with that in the FH group. Arrows denote the proteins at m/z12138 and m/z13462, identified as macrophage migration
inhibitory factor and C-X-C motif ligand 7 chemokine, respectively. I, I, IIT and IV refer to clinical stage. FH, favorable histology; UH, unfavorable histology.
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Figure 3. The expression of two proteins were significantly lower in patients with Wilms' tumor without lymph node metastasis compared with patients with
lymph node metastasis, and also significantly lower in patients without vascular involvement compared with those with vascular involvement. Arrows denote
the proteins at m/z12138 and m/z13462, identified as macrophage migration inhibitory factor and C-X-C motif ligand 7 chemokine, respectively. NO, no lymph

node metastasis; N1, lymph node metastasis; VO, no vascular involvement; V1, vascular involvement.
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Table I. Association between the expression of m/z12138 and m/z13462 peaks and clinical characteristics.
m/z12138 m/z13462
Variables n Intensity (x+s) P-value Intensity (x+s) P-value
Tissue type <0.001 <0.001
TT 40 1,437.8+997.3 0.031* 1,7304+1,147.8 0.019*
AT 35 952.6+£591.2 <0.001° 1,031.1+1,120.8 <0.001°
NT 25 315.4+£296.5 <0.001¢ 114.7+118.9 <0.001¢
Gender* 0.496 0.677
Male 23 1,339.3+773.0 1,796.7+1,063.9
Female 17 1,571.1+1,214.0 1,640.7+1,280.6
Age, years 0.610 0.655
<25 20 1,518.0+821.2 1,813.0+1,310.1
=25 20 1,357.6+1,128.1 1,647.8+986.6
Clinical stage <0.001 <0.001
I 6 678.8+189.0 746.2+238.7
I 12 664.0+202.0 1,180.7+404.9
11 13 1,524.7+407.9 2,160.4+1,252.3
v 9 2,850.2+861.2 2,498.4+1,290.5
Pathological type <0.001 <0.001
FH 33 1,152.3+735.5 1,281.0+630.6
UH 7 2,783.9+872.4 3,848.8+310.2
Lymph node metastasis <0.001 <0.001
N 23 869.2+474.6 1,110.2+433.6
Y 17 2,207.1+961.7 2,569.5+1,285.2
Vascular invasion <0.001 0.021
N 31 1,027.8+521.3 1,507.5£1,019.9
Y 9 2,850.2+861.2 2,498.4+1,290.5

*TT vs. AT; °TT vs. NT; °AT vs. NT; %variables associated with TT. Student's t-test in comparison between two groups. Kruskal-Wallis test in
comparison among multiple groups. Tamhane's T2 test in pairwise comparison among multiple groups. Test standard a=0.05. TT, tumor tissue;
AT, adjacent tissue (1 cm from tumor edge); NT, normal tissue (5 cm from tumor edge); FH, favorable histology; UH, unfavorable histology;

N, no; Y, yes.

compared with those with vascular involvement (1,027.8+521.3
and 1,507.5+1,019.9, respectively vs. 2,850.2+861.2 and
2,498.4+1,290.5, respectively; P<0.021; Fig. 3). The character-
istics of the patients are summarized in Table I.

Upregulated proteins of m/z12138 and m/z13462 in WT
were separated and purified by SPE and Tricine-SDS-PAGE,
respectively. Following in-gel digestion, the peptide mixture
was subjected to LC-MS/MS. Finally, proteins of m/z12138
and m/z13462 were identified as MIF and CXCL7 on the basis
of their amino acid sequences through matrix-assisted laser
desorption/ionization-TOF-MS (Fig. 4; Table II).

Detection of MIF and CXCL7 by immunohistochemistry. MIF
expression was 0.0530+0.0145 in WT tissues, 0.0106+0.0042
in adjacent normal tissues and 0.0008+0.0006 in normal
renal tissues (P<0.001). In addition, CXCL7 expression was
0.0495+0.0240 in WT tissues, 0.0138+0.0063 in adjacent
normal tissues and 0.0009+0.0005 in normal renal tissues,
(P<0.001) (Fig. 5; Table III), confirming that the expression
levels of the two cytokines were significantly increased in WT.

The number of cells positive for MIF was 92.5% (37/40)
in WT tissues, 57.1% (20/35) in adjacent normal tissues and
16.0% (4/25) in normal renal tissues (P<0.01). In addition, the
number of cells positive for CXCL7 was 87.5% (35/40) in WT
tissues, 48.6% (17/35) in adjacent normal tissues, and 12.0%
(3/25) in normal tissues (P<0.01; Table IV).

Discussion

Proteomics has been employed to investigate the structure,
function and characteristics of the proteome in tissues, organs
and cells, and has become an important technique in life
sciences in the post-genomics era. In our previous studies (2-4),
several serum protein markers were identified to be associated
with the occurrence and development of breast and thyroid
cancer and WT. As the molecular weights of inflammatory
cytokines ranges between 10 and 30 kDa, the molecular weight
was adjusted to a range of 3-30 kDa in the SELDI-TOF-MS.
In addition, prior to the separation and purification of the
target proteins, proteins >30 kDa were removed to avoid
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Table II. Identification of the two inflammation protein biomarkers with identified peptides and covered sequence.

m/z Protein name Identified peptides Sequence

12138 MIF PMFIVNTNVPR MFIVNTNVPRASVPDGFLSELTQQLAQATGKPPQYIA
RASVPDGFLSELTQQLAQATGK  VHVVPDQLMAFGGSSEPCALCSLHSIGKIGGAQNRSYS
RSYSKLLCGLLAER KLLCGLLAER
LLCGLLAER

13462 CXCL7 GKEESLDSDLYAELR GKEESLDSDLYAELRCMCIKTTSGIHPKNIQSLEVIGK
NIQSLEVIGK GTHCNQVEVIATLKDGRKICLDPDAPR
GTHCNQVEVIATLK
KICLDPDAPR

Bold letters denote the
7 chemokine.

identified peptides that cover the sequence. MIF, macrophage migration inhibitory factor; CXCL7, C-X-C motif ligand
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Figure 4. Analysis of peptides obtained subsequent to in-gel digestion. Peptides following digestion were subjected to liquid chromatography- mass spectrom-
etry, and sequences were obtained. (A) m/z12138 and (B) m/z13462.

Figure 5. Immunohistochemistry analysis of MIF and CXCL7 expression in WT. All images were taken at magnification, x400 (scale, 50 ym). (A) MIF
expression in WT tissue, (B) adjacent normal tissue and (C) normal renal tissue samples. (D) CXCL7 expression in WT tissue, (E) adjacent normal tissue and
(F) normal renal tissue samples. MIF, macrophage migration inhibitory factor; CXCL7, C-X-C motif ligand 7 chemokine; WT, Wilm's tumor.
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Table III. Expression of MIF and CXCL7 in TT, AT and NT through immunohistochemistry.
MIF CXCL7
Tissue type n Mean density P-value Mean density P-value
TT 40 0.0530+0.0145 <0.001* 0.0495+0.0240 <0.001*
AT 35 0.0106+0.0042 <0.001° 0.0138+0.0063 <0.001°
NT 25 0.0008+0.0006 <0.001°¢ 0.0009+0.0005 <0.001¢

*TT vs. AT; °TT vs. NT; °AT vs. NT. MIF, macrophage migration inhibitory factor; CXCL7, C-X-C motif ligand 7 chemokine; TT, tumor tissue;
AT, adjacent tissue (1 cm from tumor edge); NT, normal tissue (5 cm from tumor edge).

Table IV. Positive rate of MIF and CXCL7 in TT, AT and NT through immunohistochemistry.

MIF CXCL7
Tissue type n Positive (%) Negative (%) P-value Positive (%) Negative (%) P-value
TT 40 37 (92.5) 3(7.5) <0.001* 35 (87.5) 5(12.5) <0.001*
AT 35 20 (57.1) 15(42.9) <0.001° 17 (48.6) 18 (51.4) <0.001°
NT 25 4(16.0) 21 (84.0) 0.001¢ 3(12.0) 21 (88.0) 0.007¢

¥’ test used in comparison among multiple groups, test standard a=0.05; pairwise comparison among three groups, test standard a=0.01,
following Bonferroni method rectification. “TT vs. AT; °TT vs. NT; AT vs. NT. MIF, macrophage migration inhibitory factor; CXCL7, C-X-C
motif ligand 7 chemokine; TT, tumor tissue; AT, adjacent tissue (1 cm from tumor edge); NT, normal tissue (5 cm from tumor edge).

interference in subsequent gel electrophoresis and purification
using a tangential flow ultrafilter, which is a reliable biological
membrane that may be used to remove proteins >30 kDa. The
separation and purification of target proteins is dependent on
SPE and gel electrophoresis, so that the subsequent identifica-
tion may have improved accuracy.

Of the differentially expressed proteins that were upregu-
lated in WT, proteins at m/z12138 and m/z13462 were identified
as MIF and CXCLY7; their upregulation in WT was confirmed by
immunohistochemistry. The expression of these two cytokines
was reduced in the adjacent normal tissues and again in the
normal tissues compared with the WT tissues, suggesting that
the two cytokines are closely associated with the occurrence
and development of WT. In addition, their expression increased
with the WT progression and increased malignancy. Thus,
these cytokines may represent markers indicative of clinical
stage and pathological type. Additionally, their expression in
tumor samples from patients with WT with lymph node metas-
tasis/vascular involvement was significantly increased compared
with adjacent tissue samples, suggesting that each may perform
important roles in the invasion and metastasis of WT.

MIF is a multifunctional protein that is primarily synthe-
sized by activated lymphocytes and macrophages (9). It may
also be synthesized in the parenchymal cells of the liver,
spleen and kidney (10). MIF is an important regulator of
inflammation and the immune response, and may also be a key
negative regulator that blocks the anti-inflammatory effect of
glucocorticoids (10). A previous study has confirmed that MIF
may act as a specific biomarker in inflammation-mediated
diseases (11). In addition, MIF performs important roles in

the proliferation, metastasis, immune escape and angiogenesis
of cancer cells, including studies in prostate (12), bladder (13)
and lung cancer (14-16), melanoma (17), colon (18), oral (19),
breast (20,21) and head and neck squamous cell cancer (22). In
glioma (23), ovarian cancer (24) and neuroblastoma (25), MIF
may inhibit the cytotoxicity of NK cells and T-lymphocytes,
facilitating the immune escape of cancer cells and compro-
mising the clearance of cancer cells by the immune system.
Thus, MIF may represent a biomarker for the diagnosis of
malignancies, and a novel therapeutic target that may improve
the killing of cancer cells by the immune system.

CXCL7, a member of the CXC chemokine subfamily, is
involved in inflammation. CXCL7 as a chemical irritant
may induce the directional migration of leukocytes, and is
primarily secreted by macrophages, lymphocytes, endothe-
lial cells and fibroblasts. CXCL7, as an important cytokine,
is not only involved in a variety of physiological and patho-
logical processes including hemopoiesis and inflammation
reaction (26-30), but is also closely associated with the occur-
rence and development of numerous types of cancer (31-35).
However, to the best of our knowledge, the roles of MIF and
CXCL7 in WT have not previously been examined.

Pathological examination is the most commonly used
method for the diagnosis of WT. However, there is no widely
accepted pathological marker indicative of cancer progres-
sion. The results of the present study demonstrated that MIF
and CXCL7 may become important biomarkers indicative of
clinical stage and pathological type of WT. Chemotherapy and
immune therapy are the main strategies used for patients with
WT. The wide application of an MIF blocker (36) provides a
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novel prospect for the therapy of WT. However, the specific
biological roles of MIF and CXCL7 in WT remain poorly
understood, and additional studies are required to confirm
them.
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